It remains controversial whether or not a correlation exists between serum leptin levels and insulin resistance, and, if such a correlation does exist, whether it is independent of adiposity.
LEPTIN is a hormone secreted by the adipocytes that regulates body adiposity by affecting the central nervous system (CNS) via reduction of food intake and increase of energy expenditure [1 , 2] . In humans, the serum level of leptin correlates with body mass index (BMI) or body fat mass [3] [4] [5] [6] , and hyperleptinemia in obesity suggests leptin resistance in the CNS.
Obesity is also well known to be closely associated with insulin resistance or hyperinsulinemia, which may cause Type 2 diabetes mellitus (DM) [7] [8] [9] . The coexistence of hyperleptinemia and hyperinsulinemia in obesity suggests a possible relationship between them.
In fact, several studies have demonstrated a significant positive correlation between plasma leptin and fasting insulin levels that is independent of body adiposity [10, 11] . Segal et al. reported that insulin resistance was related to an increase in the plasma level of leptin independently of the body fat mass, and showed that the plasma level of leptin in insulin-resistant men was higher than that in BMImatched insulin-sensitive men [12] . However, it remains controversial whether or not a correlation exists between serum leptin levels and insulin resistance, and, if such a correlation does exist, whether it is independent of adiposity. Nyholm et al. assessed the peripheral insulin sensitivity of firstdegree relatives of Type 2 DM patients or non-diabetic subjects using the hyperinsulinemic euglycemic clamp method and reported that the correlation was independent of body adiposity [13] , while MohamedAli et al. quantified the insulin sensitivity of Type 2 DM patients using the same technique and demonstrated that the correlation was not significant after controlling for the BMI and gender of patients [14] . Another report used the minimal model technique to assess the insulin sensitivity in non-diabetic subjects and Type 2 DM patients, and concluded that insulin sensitivity contributed to the association between body adiposity and plasma levels of insulin, but not leptin [15] .
The HOMA-R index, which is derived from Homeostatic Model Assessment (HOMA), is an index of whole body insulin sensitivity calculated using blood levels of fasting insulin and glucose, and its results have been shown to be well correlated with those of the glucose clamp technique [16] . The advantages of HOMA-R as an index of insulin sensitivity are: 1) the method is convenient because it requires only a blood sample: 2) the method is less invasive: and 3) the method is much less expensive than the insulin suppression test (1ST) or clamp methods. Therefore, HOMA-R is a suitable tool for assessing the whole body human insulin sensitivity of a large number of subjects.
Some studies using HOMA-R have reported an independent correlation between serum leptin levels and peripheral insulin resistance [17, 18] .
One of the reasons for the discrepant results above may be the variability of insulin resistance among subjects, since some of these studies assessed insulin resistance in only non-diabetic subjects [13, 19] or diabetic subjects [14] . A racial difference may also be operative, since most Japanese Type 2 DM patients are not obese and deficient in insulin secretion like their Caucasian counterparts. In this study, we assessed the serum leptin levels and HOMA-R values of Japanese diabetic and non-diabetic subjects in order to clarify whether or not there is an independent correlation between the serum leptin levels and insulin resistance.
Subjects
All subjects provided their informed consent in accordance with the guidelines of the ethical committee of the Nagoya University School of Medicine.
Diabetic subjects
Sixty-four Japanese patients with Type 2 DM (33 men and 31 women; mean age, 61.3 years; range, 42-81 years) were enrolled. All patients had been admitted to the hospital of the Nagoya University of Medical School to control their blood glucose or had attended a diabetes clinic at a general hospital between January 1997 and November 1999. The diagnosis of diabetes was based on World Health Organization criteria [20] . They had been treated by dietary modification alone or by dietary modification plus oral administration of sulfonylurea. Patients who were treated with insulin, who had renal (serum levels of creatinine >_ 1.2 mg/dl) or hepatic dysfunction (abnormal levels of serum AST or ALT), or who had fasting serum levels of insulin lower than 2 aU/ml were excluded.
Non-diabetic subjects
Fifty-three sex-, age-, and BMI-matched nondiabetic adults (29 men and 24 women, mean age 57.6 years) who underwent a medical check-up in a company-based clinic were recruited as controls. They had normal fasting plasma levels of glucose (3.3-6.1 mmol/1) and fructosamine (205-285 mmol/1).
Methods

Blood sampling
Blood samples were taken from diabetic subjects in the hospital before breakfast (0730 h) on the morning after admission, from diabetic subjects who attended the diabetes clinic at 0830-0930 h, and from non-diabetic subjects at 0800 h on the morning they visited the clinic. All subjects were instructed to fast overnight before the blood sampling. The fasting plasma level of glucose (FPG) and the fasting serum levels of immunoreactive insulin (FIRI) and leptin were determined. HOMA-R was calculated as [16] HOMA-R =FIRI x FPG/22.5.
Assays
FPG was determined enzymatically using the glucose oxidase method. FIRI was assayed by the enzyme immunoassay method (TOSOH, Yamaguchi, Japan). The inter-and intra-assay coefficients of variation were 4.5-7.0% and 2.7-4.6%, respectively. Serum leptin levels were measured by a solid phase sandwich enzyme immunoassay.
The minimal detectable leptin concentration was 20 pg/ml. The inter-and intra-assay coefficients of variation were 3.9% and 7.2%, respectively. jects were compared to those of male non-diabetic subjects, using the Student's t-test, with the serum level of leptin as a dependent variable and HOMA-R as an independent variable. P-values less than 0.05 were considered to be statistically significant. Statistical analyses were performed with the Statview J-4.5 system (Abacus Concepts, Berkeley, CA).
Results
In the genders, FPG, HOMA-R and the serum levels of leptin were significantly higher in diabetic subjects than in non-diabetic subjects, while there was no significant difference in FIRI between diabetic and non-diabetic subjects. The serum levels of leptin were significantly higher in females than in males in both the diabetic and non-diabetic groups (Table 1) .
The serum levels of leptin were positively correlated with BMI, FIRI, or HOMA-R in simple linear regression analyses in all groups (Table 2) . FPG was positively correlated with the serum levels of leptin only in non-diabetic females.
Multiple linear regression analysis demonstrated that, in both male diabetic and male non-diabetic subjects, HOMA-R and BMI, were independently correlated with serum leptin levels. In females, BMI, but not HOMA-R, was correlated to the serum Table   1 . Clinical characteristics Table 2a. HATTORI et al.
Simple linear regression analyses using log transformed serum leptin as the dependent variable in non-diabetic subjects. Table 2b . Simple linear regression analyses using log transformed serum leptin as the dependent variable in diabetic subjects. Table 3a . Multiple linear regression analyses using subjects.
log transformed serum leptin as the dependent variable in non-diabetic Table 3b . Multiple linear regression analyses using log transformed serum leptin as the dependent variable in diabetic subjects. levels of leptin in both groups (Table 3) . There was no statistically significant difference in the partial regression coefficients between male diabetic and male non-diabetic subjects. (f3=0.587 vs. 0.529, respectively, P>0.10).
Discussion
There have been conflicting reports regarding the relationship between circulating leptin levels and insulin resistance in human. The disparity of results is thought to be at least partially attributable to gender difference. Although some reports have demonstrated that the correlation between serum leptin levels and insulin resistance is significant in both genders [17], Kennedy et al. [21] and Vettor et al. [22] reported that serum leptin levels were correlated with insulin resistance independently of BMI in males, but not in females. In this study, we demonstrated that serum leptin levels were significantly correlated with insulin resistance independently of BMI in both non-diabetic and diabetic males. But in females, only BMI was significantly correlated with the serum levels of leptin. These results suggest that the correlation of HOMA-R to the serum levels of leptin in females is dependent on BMI, since HOMA-R was significantly correlated with BMI (data not shown).
Insulin is one of the important regulators to stimulate leptin release from adipose tissue in rat [23] . The hypothesis is supported in human by demonstrating the hyperleptinemia in patients with insulinoma [24] . Therefore, in the present study the increased level of serum leptin was a result of chronic hyperinsulinemia induced by obesity.
Overexpression of leptin was reported to increase glucose metabolism and insulin sensitivity in transgenic skinny mice [25] . Coexistence of hyperleptinemia and insulin resistance assessed by HOMA in the present study suggested that the leptin resistance in the central nervous system that regulates glucose metabolism is responsible for the insulin resistance in peripheral tissues. Although it has been well established that there is a gender difference in circulating leptin levels [3, 4] , the mechanism of this difference remains unknown. Kennedy et al. reported that the serum leptin levels rose more rapidly as a function of BMI in female than in male subjects, suggesting a physiological effect of sex hormones to modulates the leptin concentrations at the level of effect of systems activated to control body weight as the causes of the difference by gender [20] . Vettor et al. [22] and Hislop et al. [26] reported that, in male subjects, leptin levels were negatively correlated with testosterone levels. The relatively greater contribution of adiposity in determining the serum leptin levels in females in the present study may be attributable to gender-based difference.
The above-described discrepancies in the reports on the relationship between circulating leptin levels and insulin resistance may also related to the method used to estimate insulin resistance. To assess the whole body insulin sensitivity, Kennedy et al. used the hyperinsulinemic euglycemic clamp method [21] , Vettor et al. the insulin tolerance test (ITT) [22] , Carantoni et al. steady-state plasma glucose (SSPG) by insulin suppression test [19] , and Schwartz et al.
[15] and Dua et al. [27] Bergman's minimal model. The results of the former two reports supported the hypothesis that serum leptin levels are significantly correlated with insulin sensitivity independently of BMI or percent body fat in humans. However, the latter three reports indicated that the correlation between circulating leptin levels and insulin sensitivity was dependent on body fat mass.
In this study, we used HOMA-R as an index of insulin resistance. In principle, HOMA-R is calculated in the absence of exogenous substances that could influence the blood levels of insulin or glucose. Some of our subjects were taking sulfonylurea, which might have reduced the reliability of HOMA-R as an index of insulin resistance. However, Nagasaka et al. recently reported the validity of an insulin sensitivity enhancer, troglitazone, for use in HOMA-R assessment of insulin sensitivity in Japanese patients with Type 2 DM. Some of the subjects of their study were administered sulfonylurea, which suggested that HOMA-R could be a suitable index of insulin resistance even in those taking sulfonylurea [28] .
Ono et al. [29] reported that insulin resistance measured by HOMA did not correlate with euglycemic clamping in obese diabetic subjects with high FPG values. However, the BMI of our subjects were 24.1 ± 0.5 in male and 25.3 ± 0.8 in female diabetic subjects. Further, when patients who had fasting plasma glucose levels higher than 11.1 mmol/l were (9 males and 4 females) excluded, no sig-nificantly different results were obtained (data not shown).
In male subjects of the present study, multiple linear regression analysis revealed no statistically significant difference in the slope of the regression of HOMA-R for the serum level of leptin between diabetic and non-diabetic subjects. de Courten et al.
[17], Schwartz et al. [15] and Kennedy et al. [20] reported that the relationship between serum levels of leptin and serum levels of insulin or insulin resistance was not affected by the extent of glucose intolerance, and that there was no significant difference in correlation between the Type 2 DM patients and normal control subjects, which is consistent with our results.
In conclusion, we evaluated the relationship between serum leptin levels and insulin resistance in Japanese diabetic and non-diabetic subjects using HOMA-R as an index of insulin sensitivity. Our primary results were as follows. 1) In male subjects, both HOMA-R and BMI were independently correlated with serum leptin levels irrespective of glucose tolerance, while in female subjects, only BMI was so correlated. 2) The relationship between the serum leptin levels and the insulin resistance in male subjects was not affected by the degree of glucose intolerance.
